###### Article summary

Article focus
=============

-   The primary aim of the reported study was to identify the sociodemographic factors independently associated with variation in area-based breastfeeding in England (breastfeeding initiation, any and exclusive breastfeeding rates at 6--8 weeks).

-   The secondary aim was to calculate the predicted area-based breastfeeding rates adjusted for sociodemographic variations using multivariable modelling.

Key messages
============

-   Striking associations between sociodemographic factors and breastfeeding at the area level explain much of the variation in breastfeeding rates between areas. These associations were strongest in PCTs outside London; for London PCTs, the associations were less consistent.

-   After adjustment for sociodemographic factors, most PCTs have breastfeeding rates in line with those expected given the overall trends; however, the breastfeeding rates are still comparatively low, especially for exclusive breastfeeding.

-   The findings of this study confirm the importance of the sociodemographic context and support the view that breastfeeding interventions need to be tailored to the needs of a particular setting. Our results can be used to compare breastfeeding across areas with similar sociodemographic characteristics and to inform service commissioning.

Strengths and limitations of this study
=======================================

-   To our knowledge, this is the first UK study to investigate the relationship between sociodemographic factors and breastfeeding at an area-based level. We used routine data to look at breastfeeding prevalence and sociodemographic factors, and our analysis covers all English PCTs.

-   This is an ecological study, and as such our results are subject to the usual limitation that causality cannot be inferred. It is possible that variations in breastfeeding rates may be partially explained by area-level factors not measured in this study.

-   The small sample number of PCTs in London may affect our confidence in the results from our analysis of London PCTs.

Introduction {#s1}
============

Breastfeeding confers multiple benefits on both infants and mothers, with evidence linking breastfeeding to a lower risk of many adverse outcomes[@R1] [@R2] including gastroenteritis,[@R3] [@R4] respiratory disease,[@R4] [@R5] necrotising enterocolitis[@R6] and otitis media[@R1] [@R5] in infants, and a lower risk of breast cancer in mothers.[@R1] [@R2] [@R7] Breastfeeding has also been linked to other health, social and cognitive outcomes including childhood obesity and cognitive development.[@R8] [@R9]

Current UK guidance recommends that infants are exclusively breastfed to 6 months of age.[@R10] In England, just over four of five (83%) mothers now start breastfeeding,[@R11] but the recent improvements in initiation have not been reflected to the same extent in duration and exclusivity; by 6 weeks, the proportion breastfeeding has dropped to 57%. Only 36% of mothers are still breastfeeding at 6 months. Twenty-four per cent of mothers are breastfeeding exclusively at 6 weeks, and there are just 13% at 4 months.[@R11] Percentages are lower still in the other constituent countries of the UK, and by international comparisons, UK breastfeeding rates compare poorly with those of other European countries.[@R12]

A recent report estimated that a moderate increase in breastfeeding rates in the UK could save over £17 million a year as a result of reduced costs for treating four acute infant diseases, with further savings accruing from the resulting reduction in breast cancer cases.[@R2] In the UK, breastfeeding is a major factor in inequalities in health; not being breastfed is both a cause and a consequence of social inequalities.[@R2] Improving breastfeeding rates in the UK has been a key focus of successive governments over the last decade,[@R13] [@R14] with the recent public health outcomes framework for England identifying breastfeeding as a key indicator for health improvement.[@R15]

Previous studies have identified a variety of sociodemographic and behavioural factors, including area of residence, maternal age, socioeconomic background, maternal education, ethnicity, smoking behaviour and maternal obesity, as being associated with breastfeeding in both the UK and other high income countries.[@R11] [@R16; @R17; @R18; @R19; @R20; @R21; @R22; @R23; @R24; @R25; @R26; @R27; @R28] However, these are based on the analysis of individual women and little is known about the factors that are associated with breastfeeding at the area level. In England, breastfeeding data have formed part of the Department of Health (DH) Vital Signs Monitoring Return since 2004 and are routinely reported at a number of different aggregate levels. Studies based on area-level data are well placed to make use of routinely collected data such as this, and can help to inform commissioning of services as well as providing a framework with which to evaluate relevant interventions. A recent study by Freemantle *et al*[@R29] used an approach similar to the one described here to look at factors associated with primary care trust (PCT) level perinatal and infant mortality.

The aim of this study was to identify the sociodemographic factors associated with variation in area-based breastfeeding rates in England.

Methods {#s2}
=======

We conducted an area-based analysis making use of data routinely collected at the PCT level. Until their abolition in April 2013, PCTs were the administrative bodies responsible for commissioning all primary, community and secondary health services in a defined geographical area in England. For the time period under study, PCTs ranged in population size and annual number of births from 1134 to 14 972 births (mean 4550, SD 2429; median 3823, IQR 2952--5591; 2010 data). All 151 PCTs in England (boundaries as of 2010) were eligible for inclusion. Ethical approval was not required as the dataset comprised publicly available routine data at the aggregate level.

Outcome measures {#s2a}
----------------

In England, the breastfeeding status at birth and at 6--8 weeks is routinely collected shortly after birth and at the 6--8 week infant review. We focused on three breastfeeding outcomes: breastfeeding initiation at birth, any breastfeeding at 6--8 weeks, and total (exclusive) breastfeeding at 6--8 weeks.[@R30]

Breastfeeding is recorded as being initiated if infants receive any breast milk in the first 24 h after birth. At 6--8 weeks, infants are classified into one of three categories according to feeding method in the preceding 24 h: not breastfed; partially breastfed; or totally breastfed (hereafter referred to as 'exclusively' breastfed). The last two groups are combined to give the outcome 'any breastfeeding'. Data on breastfeeding outcomes at these two time points (birth and 6--8 weeks) are released quarterly by DH. For this analysis, the overall figures for 2010--2011 were calculated by summing the raw quarterly actual data. PCTs were included where reported data for at least two of the four quarters of 2010--2011 met DH data coverage standards (≥95% data coverage for initiation; for 6--8 week data, ≥90% and ≥95% data coverage for quarters 1--3 and quarter 4, respectively) and passed validation checks (relating to consistency in the reporting of the number of maternities/infants due in a 6--8 week check). According to the usual DH practice, infants for whom a breastfeeding status (initiation or at 6--8 weeks) was not recorded were considered to be not breastfed, as long as the proportion of infants falling in this category within an individual PCT was small (\<5% or \<10% depending on the threshold for the quarter).

Explanatory variables {#s2b}
---------------------

The following area-based sociodemographic indicators were included in our analysis: area-based deprivation, the proportion of births to older (aged \>35 years) and younger (aged \<20 years) mothers, and the proportion of the PCT population deriving from Black and Minority Ethnic (BME) backgrounds. We included the prevalence of maternal smoking as an additional explanatory factor.

We used the 2010 Index of Multiple Deprivation (IMD) as our indicator of material deprivation.[@R31] Data on 38 domains contribute to this index and are combined to reflect a broad concept of deprivation. IMD is calculated at the level of 'lower super output area' (LSOA), of which there are 32 482 in England. The score for each PCT is the average of the constituent LSOAs.

The estimated proportion of each PCT population from a BME background was derived from the Office for National Statistics (ONS) Population Estimates by Ethnic Group (PEEG) for 2009.[@R32] PEEG is calculated using a cohort component methodology using data from the 2001 Census and recent data on births, deaths and migration. BME was defined as non-White British.

The percentage of women smoking at delivery by PCT is reported quarterly by PCTs in England. In this analysis, we used the figures for 2010--2011 published by DH for England.[@R30] As with breastfeeding data, DH imposes quality checks on these data (minimum of ≥95% data coverage, reported numbers of maternities and women smoking/not smoking must satisfy consistency checks).

Information on the percentage of births at the PCT level occurring to older mothers (women aged older than 35) and younger mothers (women aged less than 20) in 2010--2011 was derived from Hospital Episode Statistics (HES) data reported by the Child and Maternal Health Observatory.[@R33]

Data on other factors strongly associated with breastfeeding, for example, maternal education, are not collected routinely at the PCT level. We were therefore unable to include other factors of interest in the analysis.

Statistical analysis {#s2c}
--------------------

The association between sociodemographic variables and all three breastfeeding outcomes was investigated using separate logistic regression models. Random effects logistic regression models were used to take into account the clustered hierarchical nature of the data.

Most explanatory variables were analysed as continuous variables, for example, the proportion of births in a PCT to mothers aged less than 20; thus, we estimated the effect of a one percentage point increase in each variable on the breastfeeding proportion in the PCT. IMD scores were divided into quintiles for ease of analysis.

Preliminary analyses of the data revealed a striking difference in the sociodemographic profile of London PCTs when compared with PCTs outside London. There was also evidence that the effect of area-based deprivation differed according to whether PCTs were in London or not. For this reason, all analysis was stratified by region (London vs non-London).

Variables (or any resulting ORs for that variable) which were associated (p\<0.10 using Wald\'s test for at least one relevant OR) with breastfeeding in univariable analysis were included in multivariable random effects logistic regression models. The final model included all variables which were associated (p\<0.05 using Wald\'s test for at least one relevant OR) with the outcome after adjusting for other factors in the model. This strategy was repeated for each relationship under study.

The final multivariable models were used to generate predicted proportions of all breastfeeding outcomes for PCTs in England, assuming fixed effects for the explanatory variables shown in the tables. Differences between observed and predicted proportions were examined by calculating standardised residuals for all PCTS; those with observed proportions that were two or more standardised residuals above or below the predicted proportions were highlighted as possible outliers. These figures can be used to provide a more suitable comparison of local performance, as they take into account the distribution of sociodemographic factors that we know affect breastfeeding.

All statistical analyses were conducted using Stata V.11 (StataCorp, College Station, Texas, USA); all tests were two tailed and a 5% significance level was used unless specified otherwise.

Results {#s3}
=======

All 151 PCTs in England in 2010 were included for the analysis of breastfeeding initiation, but 10 PCTs failed to report 6--8 week data that met DH quality controls for two or more quarters. Therefore, information on breastfeeding initiation was available for 151 PCTs, and for breastfeeding status at 6--8 weeks, data were available for 141 PCTs.

Breastfeeding initiation varied across the PCTs from 39% to 93%, with a mean of 72% ([table 1](#BMJOPEN2013002765TB1){ref-type="table"}). For breastfeeding status at 6--8 weeks, the mean percentage of any breastfeeding was 45% (range 19--83%) and for exclusive breastfeeding, 32% (range 14--58%). On average, one in five (19%) births in each PCT were to women aged over 35 (range 9--42%) and 6% were to women aged under 20 (range 1--12%). The mean proportion of mothers who were smoking at the time of delivery was 15% (range 3--33%). The proportion of the PCT population from a BME background averaged 19% across all PCTs (range 4--67%).

###### 

Distribution of the prevalence of breastfeeding and socio-demographic variables across PCTs

                                                 All PCTs (n = 151)   Non-London PCTs (n = 120)   London PCTS (n = 31)                                                                                    
  ---------------------------------------------- -------------------- --------------------------- ---------------------- ------------- ------------------- ------------ ------------- ------------------- ------------
  **Breastfeeding**                                                                                                                                                                                       
   Breastfeeding initiation (%)                  72.3 (11.2)          72.8 (65.2--79.9)           39.0, 92.9             68.7 (9.1)    69.6 (62.5--75.7)   39.0, 85.5   86.3 (6.6)    88.9 (83.1--91.3)   67.7, 92.9
   Any breastfeeding at 6--8 weeks (%)\*         45.3 (15.0)          42.3 (34.5--54.0)           19.2, 83.1             39.7 (10.0)   39.9 (33.7--45.5)   19.2, 70.5   67.5 (10.6)   71.3 (63.0--73.7)   38.1, 83.1
   Exclusive breastfeeding at 6--8 weeks (%)\*   31.6 (9.1)           31.4 (24.9--37.1)           14.2, 58.2             29.2 (7.4)    29.3 (24.2--33.2)   14.3, 58.2   41.2 (8.8)    42.5 (35.0--48.6)   20.5, 57.5
  **Sociodemographic**                                                                                                                                                                                    
   IMD (raw score)†                              23.6 (8.4)           23.3 (16.6--29.5)           8.8, 45.3              23.1 (8.3)    22.8 (16.4--28.5)   8.8, 45.3    25.6 (8.8)    25.0 (16.7--31.9)   10.1, 41.8
   Mothers aged 35+ (%)                          19.3 (5.7)           18.4 (15.1--22.0)           9.4, 41.8              17.8 (4.4)    17.6 (14.5--21.2)   9.4, 32.3    25.2 (6.4)    24.5 (20.1--30.4)   15.4, 41.8
   Mothers aged \<20 (%)                         5.9 (2.3)            5.8 (4.1--7.4)              1.3, 11.8              6.6 (1.9)     6.3 (5.3, 7.9)      2.8, 11.8    3.1 (1.1)     2.8 (2.2--3.8)      1.3, 5.6
   Population BME (%)                            18.7 (14.3)          13.0 (7.8--25.9)            4.3, 67.0              13.1 (8.7)    10.9 (7.3--16.9)    4.3, 67.0    40.4 (10.9)   42.9 (33.9--47.5)   16.4, 61.9
   Mothers smoking at delivery (%)‡              14.7 (6.1)           15.0 (10.7--18.8)           3.0, 33.2              16.7 (4.8)    16.5 (13.7,-19.9)   6.1, 33.2    6.6 (2.9)     5.9 (4.4--7.5)      3.0, 13.6

\*Restricted to 141 PCTs with data on breastfeeding at 6--8 weeks.

†A high score is indicative of greater deprivation.

‡Restricted to 146 PCTs with data on smoking at delivery.

Information on maternal smoking at delivery was unavailable for a number of PCTs, leaving 144 and 137 PCTs included in the complete case analysis for breastfeeding initiation and breastfeeding at 6--8 weeks (115 non-London PCTs and 29 London PCTs; 110 non-London PCTs and 27 London PCTs).

BME, Black and Minority Ethnic; IMD, Index of Multiple Deprivation; PCT, primary care trust.

The profile of London PCTs differed markedly from PCTs in the rest of England. Breastfeeding tended to be more common in London PCTs, with average breastfeeding initiation at 86%, compared with 69% for PCTs outside London. Equivalent figures for any and exclusive breastfeeding at 6--8 weeks in London were 68% and 41%, and outside London, 40% and 29%. London PCTs also had a higher proportion of births to older mothers (25% vs 18%), a higher proportion of residents from a BME background (40% vs 13%), a lower proportion of births to teenage mothers (3% vs 7%) and a lower prevalence of maternal smoking at delivery (7% vs 17%). The deprivation profile was similar when comparing London and non-London PCTs. All further results are shown separately for PCTs outside (n=120) and inside (n=31) London.

PCTs outside London {#s3a}
-------------------

The relationship between any breastfeeding at 6--8 weeks and each of the five sociodemographic variables under study is presented in a series of scatter plots in [figure 1](#BMJOPEN2013002765F1){ref-type="fig"}, with data points for non-London PCTs highlighted with solid markers. There are striking associations between breastfeeding and most of the sociodemographic variables: at the PCT level, the percentage of mothers breastfeeding tends to decrease as deprivation increases, and as the proportion of both younger mothers and maternal smoking increases. In general, breastfeeding rises in line with increases in the proportion of older mothers and the proportion of the population from a BME background. Scatter plots for breastfeeding initiation and exclusive breastfeeding at 6--8 weeks showed similar patterns (see online supplementary table S1).

![Scatter plots for any breastfeeding at 6--8 weeks by sociodemographic factors (London vs non-London). IMD, Index of Multiple Deprivation (a high score is indicative of greater deprivation); BME, black and minority ethnic.](bmjopen2013002765f01){#BMJOPEN2013002765F1}

ORs for the association between these sociodemographic factors and each of the three breastfeeding outcomes are shown in [table 2](#BMJOPEN2013002765TB2){ref-type="table"}. In a univariable analysis, breastfeeding (all outcomes) was significantly higher in those PCTs with a higher proportion of older mothers and a higher BME population. Lower breastfeeding at birth and at 6--8 weeks was observed in PCTs with increased deprivation and those areas with a higher prevalence of maternal smoking or teenage mothers.

###### 

Association between the prevalence of breastfeeding and the prevalence of socio-demographic variables at the PCT level: non-London PCTs

  Non-London PCTs                   Breastfeeding initiation (n = 115)   Any breastfeeding at 6--8 weeks (n = 110)   Exclusive breastfeeding at 6--8 weeks (n = 110)                                                                                                                            
  --------------------------------- ------------------------------------ ------------------------------------------- ------------------------------------------------- ---------------- ------------ ---------------- ------------ ---------------- ------------ ---------------- ------------- ----------------
  IMD                                                                                                                                                                                                                                                                                           
   Quintile 1 (least deprived)      1.00                                                                             1.00                                                               1.00                          1.00                          1.00                          1.00          
    Quintile 2                      0.82                                 (0.68 to 1.00)                              1.03                                              (0.88 to 1.20)   0.74\*       (0.60 to 0.91)   0.98         (0.85 to 1.12)   0.83\*       (0.70 to 0.98)   1.02          (0.89 to 1.17)
    Quintile 3                      0.68\*\*\*                           (0.56 to 0.83)                              0.97                                              (0.82 to 1.15)   0.61\*\*\*   (0.49 to 0.75)   0.89         (0.77 to 1.04)   0.67\*\*\*   (0.56 to 0.79)   0.94          (0.80 to 1.10)
    Quintile 4                      0.56\*\*\*                           (0.46 to 0.68)                              0.84                                              (0.70 to 1.01)   0.54\*\*\*   (0.44 to 0.67)   0.83\*       (0.71 to 0.98)   0.61\*\*\*   (0.51 to 0.72)   0.90          (0.76 to 1.06)
   Quintile 5 (most deprived)       0.50\*\*                             (0.41 to 0.61)                              0.68\*\*                                          (0.54 to 0.86)   0.51\*\*\*   (0.41 to 0.64)   0.69\*\*\*   (0.57 to 0.85)   0.54\*\*\*   (0.45 to 0.65)   0.79\*        (0.64 to 0.97)
  Mothers aged 35+ (%)              1 07 \*\*\*                          (1.06 to 1.09)                              1.05\*\*\*                                        (1.04 to 1.07)   1.08\*\*\*   (1.06 to 1.09)   1.06\*\*     (1.04 to 1.07)   1.07\*\*\*   (1.05 to 1.08)   1.05\*\*\*    (1.04 to 1.07)
  Mothers aged \<20 (%)             0.86\*\*\*                           (0.83 to 0.88)                                                                                                 0.84\*\*\*   (0.82 to 0.87)                                 0.88\*\*\*   (0.86 to 0.90)                 
  Population BME (%)                1.01\*                               (1.00 to 1.02)                              1.02\*\*\*                                        (1.01 to 1.02)   1.02\*\*\*   (1.01 to 1.03)   1.03\*\*\*   (1.02 to 1.04)   1.01\*       (1.00 to 1.02)   1.01 \*\*\*   (1.01 to 1.02)
  Mothers smoking at delivery (%)   0.94\*\*\*                           (0.93 to 0.95)                                                                                                 0.93\*\*\*   (0.92 to 0.94)                                 0.95\*\*\*   (0.94 to 0.96)                 

\*p\<0.05; \*\*p\<0.01; \*\*\*p\<0.001.

\*Variables in model: IMD, percentage of births to older mothers,  percentage of population BME.

†Variables in model: IMD, percentage of births to older mothers, percentage of population BME.

‡Variables in model: IMD, percentage of births to older mothers, percentage of population BME.

BME, Black and Minority Ethnic; IMD, Index of Multiple Deprivation; PCT, primary care trust.

In a multivariable analysis of non-London PCTs with complete data (n=115 for initiation, n=110 for 6--8 weeks), the following variables were independently associated with breastfeeding (all outcomes): lower area-based deprivation, more births to older women, and higher BME population ([table 2](#BMJOPEN2013002765TB2){ref-type="table"}). The proportions of teenage mothers and maternal smoking were no longer significant after adjustment for other variables (p values for teenage mothers in the last included model: 0.67, 0.49 and 0.39 for initiation, any and exclusive; p values for maternal smoking in the last included model: 0.73, 0.98 and 0.63 for initiation, any and exclusive). The effect of deprivation was somewhat attenuated by adjustment for other factors, although when compared with the least deprived quintile, a significant decrease in odds was still observed in quintiles 4 and 5 for exclusive breastfeeding at 6--8 weeks, and in quintile 5 for breastfeeding initiation and any breastfeeding at 6--8 weeks. For breastfeeding initiation, the most deprived quintile (quintile 5) was associated with a reduction in the odds of 32% (adjusted OR 0.68) when compared with the least deprived quintile. Areas with higher proportions of older mothers, and increased BME population all had higher odds of breastfeeding at birth and at 6--8 weeks. Of these two factors, the strongest association was with older maternal age, where a unit increase in the percentage of mothers aged 35 or over was associated with a 6% increase in the odds of any breastfeeding at 6--8 weeks (adjusted OR 1.06) and a 5% increase in the odds of breastfeeding initiation or exclusive breastfeeding at 6--8 weeks (adjusted OR 1.05).

London PCTs {#s3b}
-----------

The same striking associations between breastfeeding and the sociodemographic variables are evident in the London PCTs ([figure 1](#BMJOPEN2013002765F1){ref-type="fig"}, highlighted with hollow markers). The only exception was area deprivation, which was not strongly associated with breastfeeding. These figures also provide strong evidence of the difference in both the sociodemographic and the breastfeeding profile of London PCTs compared with non-London PCTs.

A univariable analysis of the London PCTs showed significant associations between all breastfeeding outcomes and the maternal age profile of PCTs, the proportion of a PCT population from a BME background, and maternal smoking ([table 3](#BMJOPEN2013002765TB3){ref-type="table"}). Area-based deprivation showed no or little significant association with breastfeeding in London.

###### 

Association between the prevalence of breastfeeding and the prevalence of socio-demographic variables at the PCT level: London PCTs

  London PCTS                       Breastfeeding initiation (n = 29)   Any breastfeeding at 6--8 weeks (n = 27)   Exclusive breastfeeding at 6--8 weeks (n = 27)                                                                                                                            
  --------------------------------- ----------------------------------- ------------------------------------------ ------------------------------------------------ ---------------- ------------ ----------------- ------------ ---------------- ------------ ---------------- ------------ ----------------
  IMD                                                                                                                                                                                                                                                                                        
   Quintile 1 (least deprived)      1.00                                                                           1.00                                                              1.00                           1.00                          1.00                          1.00         
    Quintile 2                      0.61                                (0.35 to 1.04)                             1.31                                             (0.94 to 1.84)   0.70         (0.43 to 1.15)                                  0.63\*       (0.35 to 0.93)                
    Quintile 3                      1.22                                (0.71 to 2.10)                             1.38\*                                           (1.03 to 1.85)   1.39         (0.85 to 2.28)                                  1.07         (0.72 to 1.57)                
    Quintile 4                      1.34                                (0.75 to 2.37)                             1.46\*                                           (1.06 to 2.00)   1.48         (0.88 to 2.50)                                  0.95         (0.62 to 1.43)                
   Quintile 5 (most deprived)       1.10                                (0.69 to 1.75)                             1.71\*\*\*                                       (1.30 to 2.25)   1.18         (0.76 to 1.84)                                  0.82         (0.58 to 1.17)                
  Mothers aged 35+ (%)              1.05\*\*\*                          (1.03 to 1.08)                             1.04\*\*\*                                       (1.02 to 1.06)   1.04\*\*     (1.02 to 11.07)   1.06\*\*\*   (1.04 to 1.07)   1.05\*\*\*   (1.03 to 1.06)   1.06\*\*\*   (1.04 to 1.07)
  Mothers aged \<20 (%)             0.79\*\*                            (0.68 to 0.92)                                                                                               0.79\*\*     (0.69 to 0.91)                                  0.82\*\*\*   (0.74 to 0.91)                
  Population BME (%)                1.02\*                              (1.00 to 1.03)                                                                                               1.03\*\*\*   (1.01 to 1.04)    1.03\*\*\*   (1.03 to 1.04)   1.01         (1.00 to 1.02)                
  Mothers smoking at delivery (%)   0.88\*\*\*                          (0.84 to 0.91)                             0.90\*\*\*                                       (0.87 to 0.94)   0.88\*\*\*   (0.84 to 0.91)                                  0.92\*\*\*   (0.89 to 0.95)   0.95\*\*     (0.92 to 0.98)

\*p\<0.05; \*\*p\<0.01; \*\*\* p\<0.001.

\*Variables in model: IMD, percentage of births to older mothers, percentage of mothers smoking at delivery.

†Variables in model: percentage of births to older mothers, percentage of population BME.

‡Variables in model: percentage of births to older mothers, percentage of mothers smoking at delivery.

BME, Black and Minority Ethnic; IMD, Index of Multiple Deprivation; PCT, primary care trust.

In the multivariable analysis, factors independently associated with breastfeeding initiation were area deprivation, older maternal age and maternal smoking ([table 3](#BMJOPEN2013002765TB3){ref-type="table"}). The proportion of teenage mothers and BME population were not retained in the final model as they were no longer significant after adjustment (p values for the last model including these variables: 0.73 for teenage mothers, 0.94 for BME). Increased maternal smoking at delivery was associated with lower breastfeeding initiation, and in line with the results for PCTs outside London, increased prevalence of older mothers was associated with higher breastfeeding initiation. However, contrary to the results observed outside London, increased deprivation appeared to be independently associated with *higher* breastfeeding initiation. Quintiles 3--5 had a significantly increased OR compared with the least deprived quintile 1; for quintile 5 (most deprived PCTs), the adjusted OR was 1.71.

After adjustment for other factors, deprivation was not independently associated with breastfeeding at 6--8 weeks in London PCTs (not taken forward to multivariable modelling in analysis of any breastfeeding; p values for the last model including this variable in the analysis of exclusive breastfeeding ranged from 0.21 to 0.74). Older maternal age was associated with breastfeeding at 6--8 weeks, with an OR of 1.06 for both any and exclusive breastfeeding. This is equivalent to a 6% increase in the odds of breastfeeding for every 1% increase in the proportion of older mothers. The proportion of teenage mothers was not associated with either any breastfeeding or exclusive breastfeeding at 6--8 weeks after adjustment for other factors (p values for the last models including this variable: 0.28 for any breastfeeding, 0.74 for exclusive breastfeeding). The proportion of the local population from a BME background was independently associated with any breastfeeding at 6--8 weeks (OR 1.03/unit change), and maternal smoking associated with decreased exclusive breastfeeding. In the final multivariable model for any breastfeeding at 6--8 weeks, maternal smoking did not retain significance (p value for the last model including this variable 0.58).

Observed and predicted proportions {#s3c}
----------------------------------

[Figure 2](#BMJOPEN2013002765F2){ref-type="fig"} shows the breastfeeding proportions observed in each PCT plotted against the breastfeeding proportion that would be predicted based on the multivariable models shown in [tables 2](#BMJOPEN2013002765TB2){ref-type="table"} and [3](#BMJOPEN2013002765TB3){ref-type="table"}. The vast majority of PCTs reported proportions consistent (within two standardised residuals) with the proportions predicted by the models. Three PCTs (all non-London) reported breastfeeding initiation as being considerably higher than predicted, and two PCTs (both non-London) reported figures lower than predicted (outliers are highlighted in [figure 2](#BMJOPEN2013002765F2){ref-type="fig"}). Three PCTs (all non-London) and four PCTs (three non-London, one London) reported proportions of any and exclusive breastfeeding higher than predicted. One London PCT reported the proportion of any breastfeeding at 6--8 weeks as lower than expected. Online supplementary table S2 shows the observed and predicted breastfeeding proportions for each PCT.

![Observed versus predicted proportions of any breastfeeding at 6--8 weeks. NB, In some cases PCTs classified as potential outliers reported similar breastfeeding figures to PCTs not identified as potential outliers, this discrepancy is due to differences in PCT size. Breastfeeding initiation: performing above -- Hampshire, Sheffield, Somerset; performing below - Dudley, Sefton. Any breastfeeding at 6--8 weeks: performing above -- Devon, Leeds, Sheffield; performing below -- Brent. Exclusive breastfeeding at 6--8 weeks: performing above -- City and Hackney, Devon, Leeds, Sheffield.](bmjopen2013002765f02){#BMJOPEN2013002765F2}

Discussion {#s4}
==========

To our knowledge, this is the first UK study designed to investigate the relationship between sociodemographic factors and breastfeeding at the area level, an analysis which is important, given that services are commissioned and delivered at this level. There was enormous variation in the area-based rates of breastfeeding. However, after adjusting for sociodemographic factors, most areas have breastfeeding rates within the expected range of the national average, albeit a relatively low national average (eg, 45% any breastfeeding at 6--8 weeks). The area-based analysis revealed some striking associations between sociodemographic factors and breastfeeding; these persisted after adjustment for other factors. For example, an increase in the proportion of mothers aged 35 or older from 15% to 20% is associated with a 30% increase in the odds for area-level any breastfeeding at 6--8 weeks.

Limitations {#s4a}
-----------

This study used aggregate data and as such is subject to the usual limitation that causality cannot be inferred. Although the use of routine data has many benefits, for example, wide geographical coverage, there are also inherent disadvantages such as the difficulty in assessing data quality. It is also possible that higher levels of breastfeeding can be partially explained by area-level factors not measured in this study, for example, a greater number of accessible breastfeeding services. We included all socioeconomic indicators routinely available at the PCT level. There may be other relevant factors that would have been useful to include, such as levels of maternal education.

DH for England does not make raw figures for annual outturn breastfeeding data routinely available. In order to model figures in our regression analysis, we relied on quarterly actual data. These data may differ very slightly from annual outturn data, but there is no reason to suspect that trends would be different. One advantage of our method (summing breastfeeding data across quarters) was that we were able to include PCTs with one or two data quarters missing, thus minimising data loss. However, a small number of PCTs were excluded as breastfeeding data did not meet our stipulated criteria (acceptable data quality for at least two quarters). In addition, the small number of PCTs in London (27--29 depending on analysis) may affect our confidence in the results from our analysis of London PCTs: it is unclear whether lack of association reflects a true lack of effort or is simply the consequence of an underpowered analysis. The observed breastfeeding proportions used in this analysis are likely to be an underestimate of the true number breastfeeding as we mirrored the denominators used by DH, which assumes that those for whom a breastfeeding status was not recorded are not breastfeeding.

Data on smoking at delivery were not available for all PCTs. Six PCTs were not eligible for inclusion as reported data did not meet DH quality checks. Despite this, smoking status was available for 99% of maternities in 2010--2011 (range for individual PCTs included in this analysis 95.5--100%).

Our ethnicity indicator related to the general PCT population rather than the maternal population. Given the high level of missing data on maternal ethnicity from HES (approximately 8% in 2009--2010[@R34]), using these data would have resulted in a reduction in our sample size. We compared the general ethnicity data with the HES maternal ethnicity data and noted that it correlated well, although the HES maternal ethnicity data reported higher proportions across all PCTs, probably due to the younger age profile of BME populations. We combined all non-White groups into a single BME indicator. This helped to minimise potential problems due to the small numbers of certain ethnic groups in many PCTs. This decision was also supported by strong evidence that all non-White women are more likely to initiate and continue breastfeeding when compared with White women.[@R11] However, our approach left us unable to examine the separate contribution of individual ethnic groups or relevant factors such as migration history or acculturation status[@R35] to breastfeeding rates.

Interpretation of results {#s4b}
-------------------------

There was compelling evidence of a strong area effect of older maternal age on breastfeeding, with a 1% increase in the percentage of older mothers in a PCT associated with a 4--6% increase in the odds of breastfeeding. This trend was consistent across all outcomes and in both London and non-London PCTs, and is in line with evidence from individual level studies that older mothers are more likely to initiate and continue breastfeeding.[@R11] [@R24]

Outside London, the proportion of the PCT population from a BME background was associated with breastfeeding, with a unit increase in BME population resulting in a 1--3% increase in the odds of breastfeeding. Non-white ethnicity has consistently been linked to increased breastfeeding in individual level studies,[@R16] [@R17] [@R20] [@R22] [@R26] although there is some variation between individual ethnic groups and by acculturation status.[@R35] The existing literature suggests that the strongest overall effect of ethnicity is on initiation and continuation, with minimal differences by ethnicity in the number of women who breastfeed exclusively.[@R36] [@R37] Although the proportion of the PCT population from a BME background was associated with all breastfeeding outcomes outside London, it was only independently associated with breastfeeding at 6--8 weeks in London. The fact that we did not identify an independent effect of BME population on initiation in London may be partly due to the high rate of BME in the London PCTs (mean value 40%) making it difficult to detect an independent effect of ethnicity. In addition, it may be that the high rates of breastfeeding in ethnically diverse areas supports the concept of 'community ethnicity',[@R20] whereby some groups of White women appear to be more likely to breastfeed if they reside in an area with a high BME population. Differences in the composition of BME populations in London compared with outside London may also help to explain the inconsistency in the observed effect of BME on breastfeeding.

PCTs in the most deprived quintile had a 21--32% reduced odds of breastfeeding compared with PCTs in the least deprived quintile. In London PCTs, results were less consistent after adjustment, with area deprivation only associated with breastfeeding initiation, and this association being in the opposite direction to that observed outside London (increased deprivation associated with increased odds of initiation). This perhaps highlights the complex relationships between ethnicity, socioeconomic status and breastfeeding behaviour. BME populations tend to cluster in more deprived neighbourhoods. Women from non-White backgrounds are more likely to breastfeed. In general, mothers from lower socioeconomic backgrounds are less likely to breastfeed. There is evidence that this latter trend cannot be generalised to mothers from non-White backgrounds.[@R17] Several studies have found that the effects of deprivation,[@R17] socioeconomic status[@R19] and income[@R22] are negligible when looking at breastfeeding among certain minority ethnic groups. Outside London, both deprivation and area level ethnicity remained independent predictors of breastfeeding even after adjusting for the other. Within London, the effect of one appeared to be attenuated by the other, except when looking at exclusive breastfeeding, which was not independently associated with either.

Our analysis was designed to explain the variation in breastfeeding between PCTs. Only a handful of PCTs reported breastfeeding figures substantially above or below the proportions predicted by our models. The majority of outliers were PCTs with observed proportions higher than expected based on the national average having adjusted for sociodemographic factors, though two PCTs did report breastfeeding initiation as being lower than predicted and one PCT had a lower than expected proportion of any breastfeeding at 6--8 weeks.

Implications {#s4c}
------------

Our results demonstrate that while the area-based breastfeeding rates vary enormously, much of this variation is explained by the sociodemographic profile of the area. Currently, breastfeeding data provided at the PCT level for comparative purposes are unadjusted[@R38] and may result in a misleading assessment of local performance. Adjusted breastfeeding figures as reported in this study may be used to identify areas with higher or lower than expected rates of breastfeeding. For those performing above expected levels, there may be lessons to be learnt from examining local service provision.

The sociodemographic context within which a breastfeeding service is implemented or evaluated is clearly important.[@R39] A 'one size fits all' approach to breastfeeding support is unlikely to demonstrate a strong effect at the population level over and above the 'background noise' of such strong sociodemographic effects. Interventions which are tailored to the needs of a particular setting are more likely to be effective,[@R40] particularly those that follow local needs assessment. Our findings can be used to help inform the primary focus of an intervention, for example, whether the emphasis should be on breastfeeding initiation, duration or exclusivity or a combination of these outcomes.[@R40] The size of effects observed in our study may also inform estimates of the likely effects of breastfeeding interventions in a trial or other setting. In situations where the required trial size is too large to be feasible, other forms of evaluation, such as case studies of high performing PCTs, are likely to be a more suitable approach.

In the new (post-April 2013) National Health Service structure in England, it is uncertain which organisations will be responsible for commissioning breastfeeding services. However, our results will be relevant to whichever local structures take over this function, particularly given that many of the geographical areas presented here will be recognisable in the new structure. Although most PCTs are performing at the level expected given the current trends, the overall breastfeeding rates are still low and fall short of the UK recommendations for mothers to breastfeed exclusively for the first 6 months of life.

Conclusion {#s5}
==========

Our results confirm the importance of sociodemographic indicators of breastfeeding, and provide evidence that these indicators explain much of the heterogeneity between PCTs in terms of the proportion of mothers breastfeeding. However, there is little room for complacency; while some areas in England now have high rates of breastfeeding initiation, almost all have low rates of continuation, particularly of exclusive breastfeeding. In order to maximise the likelihood of success, interventions designed to increase breastfeeding at the area level will need to be tailored to the sociodemographic context, and monitoring and assessment of area-based rates will need to take these factors into account.
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